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(54) RADIO COMMUNICATION SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide the radio communication system which 
allows simultaneous access of mobile stations whose number is more than the 
number of slots of one frame. 

SOLUTION: In the radio communication system employing the time division 
multiplex time division 2-way communication system, a radio base station 11 is 
provided with a traffic measurement means 17 measuring a traffic of each slot of a 
TDMA used by a mobile station M and a slot management means 15 managing 
dynamically the assignment of each slot depending on the traffic and assigning 
again a slot on communication request from other mobile station M after all 
assigned slots to the mobile station M. In this case, even when a communication 
request comes from the other mobile station M while the assignment to all slots is 
already finished, the request is not definitely rejected but the re-assignment is 
executed by the method of a slot with less traffic used in common by the mobile 
station M using the slot at present and the other mobile station M making a 
communication request at an interval of a frame so as to respond to the 
communication request of the mobile station M widely. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The radio communications system characterized by to have the slot 
management tool which reassigns a slot when a communication link demand is 
from another mobile station after the base transceiver station managed 
dynamically a traffic measurement means to measure the traffic of each slot of 
TDMA which a mobile station uses, and assignment of each slot, according to 
traffic and assigned all the slots that can be assigned to the mobile station in the 
radio communications system using a Time-Division-Multiplexing time-sharing 
two-way communication method (TDMA/TDD method). 
[Claim 2] The radio communications system characterized by to have the slot 
management tool which reassigns a slot when a communication link demand is 
from another mobile station after the control station which controls a base 
transceiver station managed dynamically a traffic measurement means measure the 
traffic of each slot of TDMA which a mobile station uses, and assignment of each 
slot, according to traffic and assigned all the slots that can be assigned to the 
mobile station in the radio communications system using a 
Time-Division-Multiplexing time-sharing two-way-communication method. 
[Claim 3] The radio communications system according to claim 1 or 2 
characterized by said slot management tool performing reassignment of a slot only 
when said slot management tool reassigns a slot, a mobile station condition 
querying means to check reassignment to the mobile station which has already 
used the slot set as the object of reassignment is established and the mobile station 
concerned gives authorization of reassignment. 

[Claim 4] Claim 1 characterized by establishing the reassignment criteria change 
means which changes the criteria for selection of the slot set as the object of 
reassignment if needed when said slot management tool reassigns a slot, a radio 
communications system according to claim 2 or 3. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Many users enable it to use a slot effectively especially 
about the radio communications system with which a Time-Division-Multiplexing 
time-sharing two-way communication method (TDMA/TDD method) is used for 
this invention. 
[0002] 

[Description of the Prior Art] In radio communications systems, such as a cellular 
phone in recent years or PHS (personal handicap phone - system), the 
Time-Division-Multiplexing time-sharing two-way communication method 
(TDMA/TDD method) is mainly used as a communication mode of the wireless 
section. By this method, as a frame structure is shown i ndrawing 9 , time sharing 
of the communication link time zone of the going-up circuit which transmits to a 
base station from a mobile station, and the communication link time zone of the 
going-down circuit which transmits to a mobile station from a base station is 
carried out, and it is assigned to each [ a going-up circuit and / which time sharing 
of each communication link time zone of a circuit is carried out to two or more 
slots by getting down, and require a communication link ] mobile station. By 
carrying out like this, it becomes possible to secure each channel simultaneously 
between one base station and two or more mobile stations. In addition, the detail 
of the radiocommunication method about a conventional cellular phone and PHS 
is specified to RCR-STD27 and RCR-STD28 upon which Research & 
Development Center for Radio System decided as specification. 
[0003] The base station of the system which takes this conventional 
radiocommunication method is equipped with the transceiver section 83 which 
takes charge of radiocommunication with a mobile station 81, the separation 
multiplex section 84 which performs separation/multiplex one of a slot, the 
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external-interface section 86 which makes connection with an external network, 
and the control section 85 which controls actuation of a base station 82 as shown 
in drawing 8 . 

[0004] In this radio communications system, when sending from a certain mobile 
station, the following procedures are taken. 

[0005] A mobile station 8 1 sends a communication link connection request to a 
base station 82 using the slot TXC for control of going up i ndrawing 9 (a) first to 
start a communication link (the mobile station 81 has established the TDMA 
synchronization with a base station 82 by catching the information information by 
which intermittent transmission is carried out using the slot RXC for control from 
a base station 82 by carrier sense in advance of this). 

[0006] When this connection-request signal is received, the transceiver section 83 
of a base station 82 in the separation multiplex section 84 delivery and the 
separation multiplex section 84 Each slot of TDMA is separated, the 
connection-request signal from the mobile station 81 contained in the slot TXC 
for control is extracted, it tells a control section 85, and this is received. A control 
section 85 The slot for a communication link which a mobile station 81 uses is 
assigned to a mobile station 81, and it notifies to a mobile station 81 using the slot 
RXC for control which gets down from the number (for example, it goes up, gets 
down :TX2/, and referred to as :RX2). 

[0007] A mobile station 81 will transmit the call connection demand including 
phase hand assignment of connection hope to a base station 82 using the specified 
slot TX2 for a communication link, if advice of this slot number for a 
communication link is received. In a base station 82, through the transceiver 
section 83 and the separation multiplex section 84, a control section 85 interprets 
the content of a demand, and this call connection demand transmits this over a 
control section 85 towards the connection partner who exists in an extemal screen 
oversize through the external I/F section 86. 

[0008] If the response from a connection phase hand includes a control section 85 
from the external I/F section 86 through an external network, when it will transmit 
this to a mobile station 81, the channel which connects a mobile station 81 and a 
phase hand is established, and the communication link between these 2 persons is 
henceforth performed using the slots TX2/RX2 for a communication link ( 
drawing 9 (b)). 

[0009] Thus, as long as there is an empty slot, a base station can be made to 
communicate by establishing a channel with a phase hand based on the connection 
request from a mobile station. 
[0010] 

[Problem(s) to be Solved by the Invention] However, in this conventional radio 
communications system, even if a mobile station requires communication link 
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connection of a base station, when there is no empty slot and the circuit is closed, 
connection is refused by the base station. Therefore, the upper limit of the mobile 
station which can communicate simultaneously to one set of a base station will be 
decided by the number of slots per frame. The mobile station with which the 
communication link with a base station was established once is not concerned 
with the size of traffic, but in order not to release this channel until it ends a 
communication link, after all the slots are assigned, the communication link 
demand published from another mobile station will be reftised unconditionally. 
Therefore, it can be said that a communication resource will be consumed beyond 
the need. 

[001 1] This invention solves such a trouble and aims at offering the radio 
communications system which makes concurrent access of many numbers of 
mobile stations more possible than the number of slots per frame. 
[0012] 

[Means for Solving the Problem] So, the slot management tool which manages 
assignment of each slot dynamically according to traffic is fonned, and when a 
communication link demand is from another mobile station after assigning all the 
slots that can be assigned to a mobile station, in order to meet the demand of this 
mobile station, it constitutes from a radio communications system of this 
invention so that this slot management tool may reassign a slot. 
[0013] Therefore, the initiation demand of the communication link from this 
mobile station is not refused immediately. The mobile station with which the 
effect of reassignment selected fewest slots, and newly published the 
communication link initiation demand for this slot in consideration of the 
condition of the traffic of a slot in use. Many mobile stations are enabled to 
re-specify that it uses by turns with the mobile station which has already used this 
slot, and to communicate simultaneously from the number of slots per frame. 
[0014] 

[Embodiment of the Invention] In the radio communications system with which 
invention of this invention according to claim I uses a 

Time-Division-Multiplexing time-sharing two-way communication method A 
traffic measurement means to measure the traffic of each slot of TDMA which a 
mobile station uses for a base transceiver station. The slot management tool which 
reassigns a slot when a communication link demand is from another mobile 
station after managing assignment of each slot dynamically according to traffic 
and assigning all the slots that can be assigned to a mobile station is formed. Even 
when there is a communication link demand from another mobile station in the 
condition that the allocation to all slots has already ended Without refusing this 
demand uniformly, it can reassign by the approach of making a slot with little 
traffic use it together every other frame with a mobile station present in use and a 
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mobile station with a communication link demand etc., and the communication 
link demand of a mobile station can be met widely. 

[0015] In the radio communications system with which invention according to 
claim 2 uses a Time-Division-Multiplexing time-sharing two-way communication 
method A traffic measurement means to measure the traffic of each slot of TDMA 
which a mobile station uses for the control station which controls a base 
transceiver station. The slot management tool which reassigns a slot when a 
communication link demand is from another mobile station after managing 
assignment of each slot dynamically according to traffic and assigning all the slots 
that can be assigned to a mobile station is formed. It is made to carry out 
reassignment of a slot by the control station which controls a base transceiver 
station. 

[0016] In case a slot management tool reassigns a slot, invention according to 
claim 3 A mobile station condition querying means to check reassignment to the 
mobile station which has already used the slot set as the object of reassignment is 
established. Only when authorization of reassignment of the mobile station 
concerned is given, a slot management tool is made to perform reassignment of a 
slot, and when the mobile station which is carrying out the current activity does 
not permit the slot for reassignment about reassignment, the new communication 
link demand of a mobile station is refused. 

[0017] In case a slot management tool reassigns a slot, invention according to 

claim 4 can establish the reassignment criteria change means which changes the 

criteria for selection of the slot set as the object of reassignment if needed, and can 

change the basis of selection of the slot of reassignment according to the 

application of a system, activity magnitude, a time zone, etc. 

[00 1 8] Hereafter, the gestalt of operation of this invention is explained using a 

drawing. 

[0019] (Gestalt 1 of operation) In the radio communications system of the 1st 
operation gestalt, if there is a communication link initiation demand from another 
mobile station even if all the slots for a communication link are quota ending, a 
base station will perform re-assignment of a slot, without refusing this demand. 
[0020] The transceiver section 12 in which this base station takes charge of 
radiocommunication with mobile stations 1-4 (MI-M4) as shown i ndrawing 1 , 
The separation multiplex section 13 which performs separation/multiplex one of a 
slot, and the external-interface section 18 which makes connection with an 
external network. The control section 14 which controls actuation of a base station 
1 1, and the traffic measurement section 17 which measures the traffic of the slot 
which each mobile station uses. It has the slot managed table 16 on which the 
conversion table of the slot Management Department 15 which manages 
assignment to the mobile station of a slot dynamically according to the traffic of 
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the slot, and an each slot and the mobile station which uses it is stored. 
[0021] by this system, as shown in drawing 2 (a), one frame of TDMA consists of 
eight slots (going up and going down are four slots at a time, respectively) — 
having — rise and fall — one slot is assigned at a time to control channels TXC and 
RXC, respectively, and the remaining three every (going up TX1-TX3, and 
getting down RX1-RX3) slots are assigned to the communication link with a 
mobile station. 

[0022] Suppose that a mobile station 1 (Ml), a mobile station 2 (M2), and a 
mobile station 3 (M3) are communicating now. At this event, assignment of a slot 
is in the condition that the condition o fdrawing 2 (a), i.e., the slot of all upper and 
lower sides, is assigned as control channel TXC/RXC, the communication 
channels TXl/RXl for mobile stations 1, the communication channels TX2/RX2 
for mobile stations 2, and communication channels TX3/RX3 for mobile stations 
3. 

[0023] Here, the case where another mobile station 4 (M4) turned and sends the 
demand of communication link initiation to a base station 1 1 is considered. It is 
sent to a base station 1 1 using the control channel TXC o fdrawing 2 (a), and is 
received in the transceiver section 12, and this communication link initiation 
demand signal is passed to the separation multiplex section 13. The separation 
multiplex section 13 separates the received frame of TDMA for every slot, and the 
demand signal from the extracted mobile station 4 is passed to a control section 
14. A control section 14 tells the slot Management Department 15 the demand 
from a mobile station 4 (the signal of other slots, i.e., the signal put on the 
communication link slots TX1-TX3 of mobile stations 1-3, is transmitted to a 
connection phase hand through an external network through the external I/F 
section 18). 

[0024] Processing of the slot Management Department 15 after this is explained 
using the flow chart of drawing 3 . 

[0025] Step 3 1 : If the connection request of a mobile station 4 is received from a 
control section 14, the slot Management Department 15 will judge it as a thing 
with the demand of slot allocation, and will confirm whether there is any opening 
of a slot with reference to the slot managed table 16 on which the conversion table 
of step 32:each slot and the mobile station which is using it is stored, the time of 
all slots already being used — the traffic of each slot step 34:in use — the traffic 
measurement section 17 — asking — step 35: — the slot which should reassign 
based on the traffic of each of this slot is selected, and a control section 14 is told 
about this slot number. As a basis of selection of a reassignment slot, although it 
can use that average traffic is min, that the traffic of a peak period is min, etc., it 
does not restrict to these, for example. 

[0026] Here, the slots TX3/RX3 which used the mobile station 3 shown in 
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drawing '2 (a) presuppose that it was selected as a reassignment slot. To the slot 
concerned already used, every other frame, the control section 14 to which this 
slot number was notified performs reassignment so that it can use for the 
communication link with a mobile station 3 and a mobile station 4, respectively 
(refer to drawing 2 (b)). According to the call connection demand of the new 
mobile station 4, line connection processing with a connection phase hand is 
performed, already holding the line connection of the mobile station 3 and distant 
office under communication link at that time. 

[0027] In this way, if slot reassignment is performed, advice of the completion of 
slot reassignment will be made by the slot Management Department 15 from a 
control section 14, and the step 36:slot Management Department 15 will update 
the slot managed table 16 based on this reassignment result. 

[0028] In addition, in step 32, when there is an empty slot, it is assigned through a 
control section 14 and the slot managed table 16 is updated (steps 33 and 36). 
[0029] Thus, in this radio communications system, when there is a communication 
link initiation demand from another mobile station after all the slots for a 
communication link were assigned, without refusing this demand, by reassigning a 
slot, a channel is secured and line connection processing is performed. 
[0030] In addition, this operation gestalt can be adopted mainly in PHS (personal 
handicap phone - system) among the present radio communications systems. 
[003 I] (Gestalt 2 of operation) In the radio communications system of the 2nd 
operation gestalt, unlike the 1st operation gestalt, each base station does not make 
connection with allocation and the extemal network of a slot, but it carries out by 
the control station which controls two or more base stations bundling up, and 
reassignment of a slot is also performed by this control station. In this case, a base 
station performs only transmission and reception of a radio signal with a mobile 
station, and the data received from the mobile station are transmitted to a control 
station as it is, and the signal from the terminals (telephone etc.) of an external 
screen oversize is transmitted to a mobile station from a base station through a 
control station. 

[0032] The multiplexing processing section 42 which performs 
separation/multiplex one of the slot transmitted through the wire circuit connected 
with each base station as the control station of this system is shown i ndrawing 4 , 
The exchange interface section 44 linked to the exchange of an external network, 
and the control section 43 which controls actuation of a control station 41, The 
traffic measurement section 47 which measures the traffic of the slot which each 
mobile station uses. It has the slot managed table 46 on which the conversion table 
of the slot Management Department 45 which manages assignment to the mobile 
station of a slot dynamically according to the traffic of the slot, and an each slot 
and the mobile station which uses it is stored. 
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[0033] The conversion table of the mobile station which is the controlled system 
of a control station 41 and which is making wireless connection for every base 
station in that base station, and the slot which they are using is stored in this slot 
managed table 46, and the slot Management Department 45 has managed them all. 

[0034] When all the usable slots for a communication link of a certain base station 
are used for the communication link with a mobile station, suppose that the 
communication link initiation demand was transmitted to this base station from 
another mobile station. The signal of this communication link initiation demand is 
combined with the signal of other slots which the base station concemed uses 
using the slot for control channels, and is sent to the multiplexing processing 
section 42 of a control station 41 as a signal of TDM A. 

[0035] The multiplexing processing section 42 separates first the TDMA signal 
told from each base station for every base station, and tells this communication 
link initiation demand signal to a control section 43 by separating that each for 
every slot. A control section 43 tells the slot Management Department 45 this 
demand signal. According to the same sequence as what was shown b> drawing 3 
of the 1st operation gestalt, based on the traffic of each slot which the traffic 
measurement section 47 measured, the slot Management Department 45 selects 
the slot of reassignment, and publishes the demand of slot reassignment to a 
control section 41. 

[0036] A control section 41 will notify the slot Management Department 45 of it, 
if slot reassignment is performed and it is completed. In response to it, the slot 
Management Department 45 updates the slot managed table 46. This procedure is 

the same as the I st operation gestalt. 

[0037] A control section 41 notifies the slot number assigned to the mobile station 
concemed through a base station, and a mobile station sends a call connection 
demand using this slot. It is sent to a control station 41 via a base station, a signal 
is separated in the multiplexing processing section 42, the content of a demand is 
interpreted by the control section 43, and this signal is told to the exchange I/F 
section 44, and is transmitted to the phase hand of an external screen oversize 
through the exchange. 

[0038] Thus, also when there is a communication link initiation demand from 
another mobile station after all the slots for a communication link were assigned 
to the mobile station by taking this operation gestalt in a certain base station in the 
radio communications system which assigns a slot by the control station which 
controls two or more base stations collectively, it is possible to reassign a slot and 
to perform the line connection of this mobile station. 

[0039] In addition, this operation gestalt can be adopted mainly in an analog or a 
digital cellular phone among the present radio communications systems. 
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[0040] (Gestalt 3 of operation) He is trying to obtain comprehension of the mobile 
station in use to reassign on the occasion of reassignment of a slot in the radio 
communications system of the 3rd operation gestalt. The base station of this 
system equips the mobile station set as the object of reassignment of a slot with 
the mobile station condition querying section 58 which checks reassignment, as 
shown in drawing 5 . Other configurations do not have the 1st operation gestalt 
and a change. 

[0041] The slot Management Department 55 of this base station 5 1 will operate in 
the procedure shown in drawing 6 , if the communication link initiation demand 
of a mobile station is told from a control section 54. 

[0042] Step 61 : If the connection request of a mobile station is received from a 
control section 54, the slot Management Department 55 will judge it as a thing 
with the demand of slot allocation, and will confirm whether there is any opening 
of a slot with reference to the step 62:slot managed table 56. the time of all slots 
already being used — the traffic of each slot step 64: in use — the traffic 
measurement section 57 — asking — step 65: — the slot which serves as a 
candidate who reassigns based on the traffic of each of this slot is selected, and it 
directs to ask a mobile station in use [ the slot concerned ] the right or wrong of 
reassignment of a slot to the mobile station condition querying section 58. In 
addition, although average traffic min or peak period traffic min can be used for it 
as the 1st operation gestalt also described the basis of selection of a reassignment 
slot for example, it is not restricted to these. 

[0043] The message which asks whether the mobile station condition querying 
section 58 can reassign a slot current in use to a mobile station in use [ this 
reassignment candidate's slot ] in response to these directions using the control 
channel from which it gets down is sent. It answers [ whether when the user itself 
who is using the mobile station automatically depending on the application on a 
mobile station inputs clearly to this inquiry from the process in connection with 
the communication link under current processing, the amount of data of a dispatch 
schedule, etc., it consents to the mobile station concerned about reassigning a slot 
in use and a transfer rate decreasing, and ] to a base station using an uphill control 
channel. 

[0044] Step 66: The answerback from this mobile station is told to the slot 
Management Department 55. When answerback is consent, the step 67:slot 
Management Department 55 specifies reassignment of this slot as a control 
section 54, and directs to receive the call connection demand from the mobile 
station which newly assigned the slot. A control section 54 will send this to the 
connection phase hand of an external screen oversize through the external I/F 
section 59, if reassignment of a slot is performed and a new mobile station 
transmits a call connection demand in response. 
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[0045] Step 69: If slot reassignment is performed and advice of the completion of 
slot reassignment is made by the slot Management Department 15 from a control 
section 14, the slot Management Department 55 will update the slot managed 
table 56 according to this reassignment. 

[0046] Moreover, in step 66, when it does not consent to reassignment of a slot, 
the step 68:slot Management Department 55 directs to refuse the call connection 
demand from this mobile station to a control section 54, and a control section 54 
notifies the purport which refuses call connection to this mobile station. 
[0047] Thus, in the radio communications system of the 3rd operation gestalt, 
only when there is a connection request from another mobile station and a mobile 
station in use [ the slot which became the candidate of reassignment ] consents to 
reassignment of the slot after all the usable slots were assigned to the 
communication channel with a mobile station, the reassignment is performed. 
[0048] In addition, this operation gestalt can be adopted mainly in PHS among the 
present radio communications systems. Moreover, this operation gestalt can be 
similarly extended to the configuration of the 2nd operation gestalt, and can be 
adopted to the system of an analog or a digital cellular phone in this case. 
[0049] (Gestalt 4 of operation) In the radio communications system of the 4th 
operation gestalt, the basis of selection of a reassignment slot can be changed 
dynamically. The base station of this system is equipped with the reassignment 
criteria change section 74 which changes the basis of selection of the slot used as 
the object for reassignment if needed as shown in drawing 7 . Other 
configurations do not have the 1st operation gestalt and a change. 
[0050] Although selection of the slot which reassigns is performed at the slot 
Management Department 72 of a base station based on the traffic of each slot 
measured in the traffic measurement section 73, it is the reassignment criteria 
change section 74 which it is manual by the input from the outside, or is 
automatically changed with the signal from a control section 71 if needed about 
on the basis of what kind of statistic it selects at this time. 

[005 1] As a basis of selection of a reassignment slot, the persistence time of that 
the average traffic within a certain fixed time amount is min, that the traffic of a 
peak period is min, or a no-transmission state may be max, for example. This 
basis of selection may be changed by the difference in the application for which 
this system is used, or even if it is the same application, it may be necessary to 
change according to activity magnitude, a time zone, etc. The reassignment 
criteria change section 74 bears the role which performs this change. 
[0052] Thus, in this system, it becomes possible by changing the basis of selection 
of a reassignment slot dynamically to select the optimal criteria for various 
communication link conditions. 

[0053] In addition, the reassignment criteria change section 74 of this system is 
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possible also for applying in the 2nd and 3rd operation gestalt, and can also be 
taken in by doing so to the system of not only PHS of the present radio 
communications system but an analog or a digital cellular phone. 
[0054] 

[Effect of the Invention] Even when there is a connection request from the mobile 
station more than the number for a communication link of slots in one frame, the 
radio communications system of this invention can increase the number of 
concurrent access of a mobile station by reassigning a slot according to traffic, so 
that clearly from the above explanation. Thereby, the engine performance per one 
base station in a radio communications system can be improved, and a deployment 
of the communication resource in a system can be aimed at. 
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